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I n  a r ecen t  paper,Arking (1963) has  der ived the  g l o b a l  

d i s t r i b u t i o n  of cloud cover by the a n a l y s i s  o f ' T I R O S  I11 video 

p i c t u r e s .  I n  Fig.  7 (Curve 1) is p l o t t e d  t h e  l a t i t u d i n a l  dis- 

t r i b u t i o n  of average daytime percentage cloud cover as obtained 

by Arking for  the  psr iod  of Ju ly  12,  through September 10, 1961. 

I 

I n  t h e  p re sen t  study'we at tempt ,  using these  d a t a  and t h e  

simultaneous r a d i a t i o n  measurements by TIROS 111, t o  de r ive  t h e  

average l a t i t u d i n a l  d i s t r i b u t i o n  of cloud top he iqh t s  and thence 

t h e  n i sh t t ime  cloud cover.  Curve 2 i n  F i g . . 7  shows t h e  r e s u l t i n g  

percentage cloud cover during t h e  n igh t  as a funct ion of l a t i t u d e ,  

TIROS INFRA-RED DATA , 

The r a d i a t i o n  instrumentat ion i n  TIROS and t h e  phys ica l  

s i g n i f i c a n c e  of t h i s  experiment have a l ready  been descr ibed by 

several au thors  (Bandeen e t  al., 1961, Nordberg e t  a l . ,  1962)- 

Three of the f i v e  channels of t h e  TIROS radiometer measure 

t e r r e s t r i a l  r a d i a t i o n  i n  t h e  far  in f r a - r ed  corres-ponding t o  wave- 

l eng ths  between 5.8 - 6.5 p, 6 - 12 w, and 7 - 30 p. The other 

t w o  channels  record t h e  s o l a r  r a d i a t i o n  i n  t h e  v i s i b l e ,  as reflected 
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by t h e  e a r t h ,  t o  o b t a i n  an es t imate  of t h e  albedo of  any region. 

The wavelengths of the inf ra - red  channels have been chosen so a s  

t o  provide information on the temperature a t  d i f f e r e n t  l e v e l s  of 

the atmosphere a n d ' t o  g ive  an estimate of the  t o t a l  outgoing radia-  

t i o n  i n  the inf ra - red .  

I n  t h i s  d i scuss ion  w e  sha l l  only be concerned w i t h  Channel 

2 ,  s e n s i t i v e  i n  t he  8 - 1 2  CI region of  t h e  inf ra - red .  

. The main 

atmosphere is 

absorber of inf ra - red  r a d i a t i o n  i n  t he  e a r t h ' s  

water vapor.  The  absorp t ion  c o e f f i c i e n t ,  however, 

v a r i e s  considerably w i t h  wavelength between 4 and 50 v, where 

almost a l l  the  energy of t h e  terrestrial  r a d i a t i o n  i s  confined.  
* 

I n  t h e  8 - 1 2  CI s p e c t r a l  i n t e r v a l  the absorp t ion  by water 

vapor and a l s o  by C 0 2 ,  t h e  o the r  important absorbdr of t h e  in f r a -  

red radiation, is a t  i ts  minimum. Consequently, i n  the  absence 

of c louds ,  Channel 2 of the s a t e l l i t e  radiometer,  measuring i n  

t h i s  atmospheric "window, I' records energy o r i g i n a t i n g  f r o m  very 

n e a r  t h e  ground corresponding t o  an e f f e c t i v e  temperature only  

- 5 - 10 OK less ' t h a n  t h e  ground temperature (Wark, Yamamoto ,  

Lienesch,  1962, Prabhakara and Rasool,' 1963). 



Reasonably t h i c k  clbuds,  however, are p r a c t i c a l l y  opaque, t o  

I in f ra - red  r a d i a t i o n  of wavelengths > 4 u ( S h i f f r i n  1961). As ' 

t h e r e  is  very l i t t l e  water  vapor above, and assuming t h a t  t h e  

albedo of t he  clouds i n  t h e  far  inf ra - red  is  n e g l i g i b l e ,  t h e  

radiometer &n t h e  presence of  t h i c k  clouds w i l l  record energy 

~ corresponding t o  t h e  cloud t o p  temperature.  This may be a s  much 

a s  40 - 50 OK l o w e r  than t h e  sur face  temperature.  

I f ,  t h e r e f o r e ,  f o r  any given i n s t a n t ,  bo th  t h e  TIROS measured 

temperatures  i n  t h i s  "window" channel and t h e  a c t u a l  su r f ace  temp- 

e r a t u r e s  a r e  a v a i l a b l e ,  then knowing t h e  l apse  r a t e  i n  t h e  atmos- 

phere,  a quick e s t ima te  of  cloud he ight  can be obtained.  On t h e  

o t h e r  hand, on a c l imato logica l  b a s i s ,  i f  t h e  sa te l l i t e -measured  

I 

I 

temperatures  for a given region are averaged over a season, then  

t h e  depa r tu re  of t h i s  temperature from t h e  observed ground temp- 

e r a t u r e  w i l l  be mainly dependent on t h r e e  v a r i a b l e s  -- cloud 

amount, cloud he igh t ,  and water vapor d i s t r i b u t i o n  i n  t h e  atmos- 

phere.  

..- ae m n n t 4 n n n d  ...-*.** VI.-- a a r l  ----*-A, i a r  thn *I.- a.FFe,-t --_--- cf water T - ~ Z F D ~  is campara- 

t i v e l y  smal l ,  and from our  knowledge of c l ima to log ica l  d i s t r i b u t i o n  

of t h e  water  vapor over  t he  globe, i t s  e f f e c t  on t h e  temperatures 

8 

- 3 -  , 



can be accounted for.  

The s t rong  effect  of  clouds on t h e  TIROS I11 measured 

temperatures  i n  t h e  "window" channel i s  demonstrated by Figure 1. 

I n  t h i s  f i g u r e  are p l o t t e d  t h e  r eg iona l  and temporal averages 

of t h e  temperatures measured by Channel 2 of TIROS I11 during day- 

't-me (0600 - 1800 hours Local T ime)  for the  per iod of  J u l y  1 2 ,  

through September 10 ,  1961. The i n c l i n a t i o n  of t h e  TIROS o r b i t  

I ' !  

c 

being - 48O, the measurements f o r  t h e  p o l a r  regions a r e  no t  

a v a i l a b l e .  

The su r face  o f  t h e  e a r t h  between SO0 N and SO0 6 has been 

d iv ided  i n t o  loo l a t i t u d e  X loo longi tude g r i d ,  and a l l  measure-  

ments taken  by t h e  s a t e l l i t e  i n  each g r i d  a t  nad i r  angle < 2S0 

and between l o c a l  t i m e  0600 and 1800 hours have been averaged for  

t h e  per iod  mentioned above. I n  m o s t  cases t h e r e  are->,500 ob- 

s e r v a t i o n  p o i n t s  per  g r i d .  

The V P ~ Y  dark. shades C C ~ ~ ~ S P C E ~  to high radiatio~ i ~ t e f i ~ i t i e s  

wi th  e f f e c t i v e  temperatures ranging above 290 OK. 

shades correspond t o  temperatures of t h e  o rde r  of 240 OK. 

The l i g h t e s t  

The t w o  
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t r i a n g u l a r  a r e a s ,  which a r e  diagonal ly  oppos i te  and comprise a 

p a r t  of  South America and Southern S i b e r i a ,  have been le f t  b lank  

because of t h e  u n a v a i l a b i l i t y  o f  t h e  te lemet ry  from the  TIROS f o r  

these regions.  

Several  i n t e r e s t i n g  f e a t u r e s  a r e  revealed by examining t h i s  

f i gu re .  (1) The r e l a t i v e l y  co ld  temperature bel t  n e a r  t h e  equa- 

to r  probably corresponds t o  t h e  high c loudiness  usua l ly  observed 

i n  t h e  e q u a t o r i a l  region. (2)  The s u b t r o p i c a l  b e l t  i n  each of  

t h e  hemispheres show r e l a t i v e l y  higher  t e m p e r a t u r e s  and, t h e r e f o r e ,  

probably less clouds than  i n  t h e  e q u a t o r i a l  regions.  

t remely low temperatures measured over  Eas t  Pakis tan and Ind ia  

imply a heavy cloud cover over these regions which is, i n  a l l  

p r o b a b i l i t y ,  t h e  monsoon a c t i v i t y  i n  t h i s  season. An almost quasi-  

( 3 )  Ex- 

pe'nnanent cloud cover over  c e n t r a l  A f r i c a  i s  also ind ica t ed  from 

t h i s  diagram. 

' I s .  I 

This  is  supported by comparing Figure l w i t h  Figure 2 i n  which 

aLe p l o t t e d  t h e  g loba l  d i s t r i b u t i o n  of cloud cover ,  also i n  a loo  

20% c loud iness ,  and t h e  l i g h t e s t  t o  70% cloudiness .  The agreement. 
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i n  t h e  main f e a t u r e s  of the two f i g u r e s  i s  s t r i k i n g ,  except t h a t  

t h e  TIROS I11 measured extremely high temperatures  over South 

P a c i f i c  i nd ica t ing  a r e l a t i v e l y  c l e a r  a r e a ,  while  t h e  climatology 

had ignored it. 

DEDUCTION OF CLOUD HEIGHTS AND CLOUD COVER 

' Although it is  i n t e r e s t i n g  t o  note  t h e  resemblance between 

f i g u r e s  1 and 2 ,  t h e  a c t u a l  de r iva t ion  of cloud amounts from the 

TIROS r a d i a t i o n  d a t a  i s  f a i r l y  involved. 

A s  mentioned e a r l i e r ,  severa l  f a c t o r s ,  v i z ,  cloud amount, 

cloud he igh t ,  sur face  temperature,  v e r t i c a l  d i s t r i b u t i o n  of water  

vapor and of temperature ,  in f luence  t h e  ' e f f e c t i v e '  temperatures 

measured by t h e  s a t e l l i t e .  By t he  method descr ibed  below we have, 

however, attempted t o  separa te  the e f f e c t  of these  parameters i n  

o rde r  to ob ta in  a reasonable es t imate  of cloud he ight  from TIROS 

r a d i a t i o n  da ta .  

of s u r f a c e  temperat,ure (Haurwitz and Aust in ,  1944), t he  l a t i t u d i n a l  

v a r i a t i o n s  i n  t h e  v e r t i c a l  d i s t r i b u t i o n  of temperature (Davis, 1962, 
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London, 1957), t h e  t o t a l  amounts of w a t e r  vapor and ozone and 

t h e i r  v e r t i c a l  d i s t r i b u t i o n s ,  w e  have cons t ruc ted  t e n  d i f f e r e n t  

model atmospheres which correspond t o  t h e  t e n  l a t i t u d i n a l  be l t s  

between SO0 N and 50° S for t h e  months of J u l y  and August. 

The r a d i a t i o n  f l u x  i n  t h e  8 - 12 p region,,  which would be 

emi t ted  f r o m  such atmospheres, was t h e n  ca l cu la t ed  following a 

method descr ibed  i n  an e a r l i e r  paper (Prabhakara and Rasool, 1963).  

The f l u x  va lues  t h u s  ca l cu la t ed  give t h e  b lack  body temperatures 

TIROS w i l l  observe above these atmospheres i f  t h e  atmosphere w e r e  

completely cloudless.  S imi la r  c a l c u l a t i o n s  w e r e  then  repeated 

assuming t h e  presence of t h i c k  clouds a t  var ious  a l t i t u d e s  and 

of varying proport ions.  The clouds a r e  assumed t o  be completely 

opaque t o  t h e  f a r  in f ra - red  and t h e  r a d i a t i o n  is emi t ted  only 

from t h e  t o p  of t h e  cloud.  

I n  Figures  3 and 4 t h e  r e s u l t s  obtained f o r  t w o  such model 

atmospheres a r e  shown. The family of f ive curves show t h e  d i f f e rence  

(AT) between the su r face  temperature and t h e  e f f e c t i v e  b lack  body 

temperature  u'usei--e.d by thz satellite i~ the presence nf d i f f e r e n t  

- b .  
amounts of clouds loca ted  a t  a l t i t u d e s  of 2 ,  3 ,  4 ,  5, or  6 kms. 
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The i n t e r s e c t i o n  po in t  of t h e s e  curves wi th  t h e  o rd ina te  i n  Figure 

3 i s  a t  12 .5  OK. 

even i n  complete absence of  clouds,  t h e  s a t e l l i t e  would observe an 

This  i n d i c a t e s  t ha t  i n  a ho t  and humid atmosphere, 

e f f e c t i v e  temperature about 1 2  OK l o w e r  than  t h e  su r face  tempera- 

t u r e .  I n  Figure 4 is shown another extreme case, t h i s  t i m e  of a 

d ry  and co ld  atmosphere where t h e  AT, i n  t h e  absence of c louds ,  

i s  only  4 OK. 

I f ,  t h e r e f o r e ,  f o r  any given region,  one has an e s t ima te  of 

su r face  temperature ,  t h e  amount of w a t e r  vapor i n  t h e  atmosphere 1 

and of t h e  percentage cloud cover,  then  wi th  such a family of  

curves ,  combined wi th  t h e  TIROS r a d i a t i o n  d a t a  of t h e  "window" 

channel ,  one can de r ive  an approximate value for t h e  e f f e c t i v e  

he igh t  of t h e  cloud tops .  

I n  o r d e r  t o  determine the l a t i t u d i n a l  d i s t r i b u t i o n  of  t h e  

e f f e c t i v e  cloud he igh t s  f o r  t h e  months of Ju ly  and August 1961, 

we c a l c u l a t e  t h e  following parameters f o r  each 10 l a t i t u d i n a l  

be l t  between 50° N and 50° S .  

0 

I 

The sa t e l l i t e -obse rved  temperatures i n  t h e  q"window" channel 
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are averaged s e p a r a t e l y  f o r  day and f o r  n i g h t  f o r  t h e  per iod , 

J u l y  1 2  through September 1 0 ,  1961. 

The l a t i t u d i n a l  means of day and n i g h t  s u r f a c e  temperatures  

f o r  t h e  s a m e  per iod  w e r e  determined from t h e  Monthly C l i m a t i c  

Data of t h e  World (U.S. Weather Bureau): supplementing t h e s e  d a t a  

by c l i m a t o l o g i c a l  e s t ima tes  of Haurwitz and Austin (1944) f o r  t h e  

oceanic  reg ions .  

The d i f f e r e n c e  (AT) between t h e  mean s u r f a c e  temperatures  

and t h e  average e f f e c t i v e  temperatures measured by t h e  TIROS 

Channel 2 i n  each l a t i t u d i n a l  be l t  i s  p l o t t e d  i n  Figure 5 s e p a r a t e l y  

f o r  day and f o r  n igh t .  

L a t i t u d i n a l  averages of daytime percentage cloud cover f o r  

t h e  s a m e  per iod  given by Arking (1963) are shown i n  Figure 7 (curve 1). 

Now wi th  bo th  t h e  AT and percentage cloud cover  being known 

f o r  daytime, we  can use o u r  nomograms (e.g. f i g s .  3 and 4 )  t o  

determine t h e  average daytime cloud he igh t  f o r  each , l a t i t u d i n a l  

b e l t .  The h e i g h t s  t hus  deduced a r e  p l o t t e d  as a func t ion  o f  l a t i t u d e  
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i n  F igure  6. 

If we  assume t h a t  on an  average, c loud h e i g h t s  der ived  f r o m  ' 

t h e  daytime measurements are a l s o  v a l i d  f o r  t h e  n i g h t ,  we  can now 

'use t h e  AT va lues  f o r  t h e  n i g h t  (Fig.  5 )  and t h e  h e i g h t s  p l o t t e d  

i n  Figure 6 t o  determine t h e  night t ime cloud cover  as a func t ion  

of l a t i t u d e .  

The r e s u l t i n g  l a t i t u d i n a l  d i s t r i b u t i o n  of  the n ight t ime 

cloud cover i s  p l o t t e d  as Curve 2 i n  Figure 7. 

A comparison of the day and n i g h t  curves  immediately shows 

t h a t  i n  the  southern hemisphere, which i s  l a r g e l y  oceanic ,  the 

percentage c loudiness  is  much higher  a t  n i g h t  t h a n  during t h e  day. 

I n  t h e  nor thern  hemisphere, on t h e  o t h e r  hand, t h e  noc turna l  

n e b u l o s i t y  could be as l o w  a s  - 20% for t h e  l a t i t u d e s  of 20° t o  

40°. 

* 

These r e s u l t s  are based on  t h e  deba tab le  assumption t h a t ,  

on an average,  f o r  a g iven  l a t i t u d i n a l  b e l t  t h e  cloud-top h e i g h t s  

do n o t  change f r o m  day t o  night .  I n  case t h i s  assumption i s  n o t  

c o r r e c t ,  o u r  r e s u l t s  would then i n d i c a t e  t h a t , . i n  o r d e r  t o  have 
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the same amount of c loudiness  f o r  both day and n i g h t ,  the cloud 

he igh t s  i n  the southern hemisphere should be 2 t o  4 km higher  a t  

n i g h t  than  i n  the daytime, and l o w e r  by 1 t o  3'km i n  t h e  Northern 

hemisphere. 

S imi la r  a n a l y s i s  of t h e  TIROS r a d i a t i o n  d a t a  can also be 
I 

made t o  determine the  long i tud ina l  a s  w e l l  as l a t i t u d i n a l  d i s -  

t i l b u t i o n  of night t ime cloud cover,  b u t  it r e q u i r e s  more d e t a i l e d  

information on the  g loba l  d i s t r i b u t i o n  of su r face  temperatures 

and w a t e r  vapor amounts and the  poss ib l e  v a r i a t i 0 n s . i . n  the  

e m i s s i v i t i e s  of land a r e a s  (Beuttner 1963). Such c a l c u l a t i o n s  

a r e  i n  progress  ,and w i l l  be published sepa ra t e ly .  

, 
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FIGURE CAPTIONS 

Fig.  1. Global d i s t r i b u t i o n  of  average temperatures  measured 
by TIROS radiometer  Channel 2 f o r  t h e ' p e r i o d  J u l y  1 2 ,  
through September 10, 1961. Darkest shade, T > 295 OK, 
l i g h t e s t  shade, T < 255 OK. 

Global d i s t r i b u t i o n  of  average cloud cover f o r  J u l y  
(after Haurwitz and Austin,  1944).  Darkest shade 
-- cloud cover  > 70%, l i g h t e s t  shade -- cloud cover  
< 20%. 

Fig.  2. 

Fig.  3 .  AT as a func t ion  of percentage cloud cover wi th  cloud 
t o p s  a t  var ious  a l t i t u d e s .  AT i s  the d i f f e r e n c e  between 
the average su r face  temperature and t h e  equiva len t ,  b lack  
body temperature measured by t h e  TIROS 111, Channel 2. 
A case of  h o t  and humid atmosphere. 

Fig.  4. Same as f i g .  3 -- A case of co ld  and dry  atmosphere. 

Fig.  5. AT as a func t ion  of  La t i tude  -- f o r  day and f o r  n igh t .  

F ig .  6 .  E f f e c t i v e  cloud t o p  he ights  deduced from t h e  daytime 
observa t ion  of TIROS I11 as a func t ion  of  l a t i t u d e .  

Fig.  7. Curve 1. Daytime average percentage cloud cover  for  
t h e  per iod  J u l y  12 ,  through September 10  as a funct ion  
of  l a t i t u d e .  A f t e r  Arking. 

Curve 2 .  
t h e  same per iod  deduced from TIROS window channel da t a .  

Nighttime average percentage cloud cover  f o r  
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